Introduction {#sec1-0300060520932820}
============

Cardiovascular disease is a global burden and remains the leading cause of death in Europe, with more than 4 million people dying from cardiovascular disease each year and 37% of patients dying prematurely from cardiovascular disease.^[@bibr1-0300060520932820],[@bibr2-0300060520932820]^ The situation of cardiovascular disease in China is also not optimistic. The incidence of myocardial infarction in China is nearly 81.3/10 million.^[@bibr3-0300060520932820]^ The relative risk of all-cause death and cardiovascular outcomes (recurrent myocardial infarction and cardiovascular death) in 1 to 3 years and 3 to 5 years after myocardial infarction is at least 30% higher than that of the general reference population.^[@bibr4-0300060520932820]^

Approximately 50% of patients with myocardial infarction have multivessel lesions^[@bibr5-0300060520932820]^ and 60% of patients with non-ST-segment elevation have multivessel lesions.^[@bibr6-0300060520932820]^ Studies have shown that the clinical outcome of patients with multivessel coronary artery disease is poor, including high mortality, readmission, and target vessel revascularization rates. In patients with multivessel disease, the risk of major cardiovascular events within 12 months is doubled and the risk of myocardial infarction is nearly tripled.^[@bibr7-0300060520932820]^ In patients with multivessel coronary artery disease, the incidence of postinfarction cardiosclerosis is 36.2% and the incidence of cardiogenic edema is 38.4%.^[@bibr8-0300060520932820]^

Extreme obesity is associated with a higher risk of mortality,^[@bibr9-0300060520932820][@bibr10-0300060520932820]--[@bibr11-0300060520932820]^ but an obesity paradox exists where obesity is a protective factor for long-term outcome in patients with myocardial infarction.^[@bibr12-0300060520932820][@bibr13-0300060520932820]--[@bibr14-0300060520932820]^ Faggioni et al.^[@bibr15-0300060520932820]^ showed that underweight patients (body mass index \[BMI\] \< 18.5 kg/m^2^) and patients with severe obesity (BMI ≥ 35 kg/m^2^) had an increased risk of all-cause death, but overweight (BMI between 25 and 29.9 kg/m^2^) and obesity (BMI between 30 and 34.9 kg/m^2^) had a lower risk of death.

Although obesity is a risk factor for coronary atherosclerosis and myocardial infarction,^[@bibr16-0300060520932820][@bibr17-0300060520932820][@bibr18-0300060520932820]--[@bibr19-0300060520932820]^ the quantitative relationship between obesity and multivessel coronary artery disease is unclear. Evidence regarding the association of obesity with multivessel coronary disease in Chinese patients is lacking. Therefore, this study aimed to determine the effect of BMI on multivessel lesions in patients with myocardial infarction.

Patients & Methods {#sec2-0300060520932820}
==================

Study design {#sec3-0300060520932820}
------------

This cross-sectional study was performed to address the relationship between BMI and multivessel coronary artery disease. The target-independent variable was BMI obtained at baseline. The dependent variable was multivessel coronary artery disease (dichotomous variable: 1 = patients with multivessel coronary artery disease; 0 = patients without multivessel coronary artery disease).

Study population {#sec4-0300060520932820}
----------------

Data of Chinese patients with newly diagnosed myocardial infarction were nonselectively and consecutively collected from the Department of Cardiology, Affiliated Hospital of Jining Medical University, Shandong Province, China. The data did not include those of identifiable participants to protect patients' privacy. Data were compiled from the hospital electronic medical record system. The ethics committee of the Affiliated Hospital of Jining Medical University approved this study (2019-B003). The patients participating in the study provided written informed consent.

The study initially involved 1566 participants. The entry time and deadline for inclusion were 1 January 2016 and 1 December 2018, respectively. The clinical practice for every participant was performed according to the European Society of Cardiology guidelines on myocardial infarction with ST-segment elevation, 2017.^[@bibr20-0300060520932820]^ The inclusion criteria were as follows: patients who underwent coronary angiography, patients who were diagnosed with myocardial infarction, and patients who signed an informed consent form. The exclusion criteria were as follows: patients in a serious condition who could not accurately measure their height and weight, and patients who died before or during the operation and did not complete coronary angiography.

Variables {#sec5-0300060520932820}
---------

BMI at baseline was obtained and recorded as a continuous variable. The detailed process is described as follows. BMI was calculated as the weight (kg) divided by the square of height (m).^[@bibr21-0300060520932820]^ BMI was measured by a nurse when the patient was admitted to hospital. The nurses were trained by the research group, and the measurement methods of height and weight were consistent. When measuring height and weight, the participants wore lightweight indoor clothing and no shoes, and used calibrated electronic scales and height gauges. The height and weight were accurate to 0.1 m and 0.1 kg, respectively.

Multivessel coronary artery disease was used as the final outcome variable (dichotomous variable). The detailed process of defining multivessel coronary artery disease was as follows: more than two coronary arteries (anterior descending artery, circumflex artery, and right coronary artery or its branches) had \> 50% stenosis and/or left main artery lesions in coronary angiography.^[@bibr22-0300060520932820],[@bibr23-0300060520932820]^ The degree of stenosis of the coronary artery was diagnosed by angiography.^[@bibr24-0300060520932820],[@bibr25-0300060520932820]^

In this study, the following covariates were included: (1) demographic data, (2) variables affecting BMI or multivessel coronary artery disease reported by previous studies,^[@bibr16-0300060520932820],[@bibr26-0300060520932820],[@bibr27-0300060520932820]^ and (3) clinical experience-based data. Therefore, the following variables were used to construct the fully adjusted model: (1) continuous variables, including age, systolic blood pressure (SBP), diastolic blood pressure (DBP), heart rate, creatinine (Cr), uric acid (UA), bilirubin (BIL), total cholesterol (TC), triacylglycerol (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and the ejection fraction (EF) (obtained at baseline); and (2) categorical variables, including sex, heart failure, atrial fibrillation, chronic obstructive pulmonary disease (COPD), stroke, hypertension, diabetes mellitus, and smoking (obtained at baseline). Hypertension was defined as SBP ≥ 140 mm Hg and/or DBP ≥ 90 mm Hg and patients with a history of taking antihypertensive drugs in the last 2 weeks.^[@bibr28-0300060520932820]^ Diabetes mellitus was defined as having previously diagnosed diabetes and using insulin or hypoglycemic agents or fasting blood glucose levels ≥7.0 mmol/L. Smoking was defined as a person smoking more than one cigarette a day or more than 10 packs a month.

Statistical analysis {#sec6-0300060520932820}
--------------------

Continuous variables are presented in two forms. The K-S method was used to conduct a normality test. In the first form, continuous variables with a normal distribution are expressed as mean ± standard deviation. In the second form, continuous variables with a skewed distribution are presented as median (minimum, maximum). Categorical variables are expressed as frequency or percentage. The chi-square test (categorical variables), one-way analysis of variance (normal distribution), or the Kruskal--Wallis H test (skewed distribution) was used to compare differences among different BMI groups (quartiles based on BMI data). Data analysis was based on the following three criteria: (1) the relationship between *X* and *Y* (linear or nonlinear), (2) the factors modifying or interfering with the relationship between *X* and *Y*, and (3) the interference factors or the true relationship between *X* and *Y* after stratified analysis. Therefore, data analysis was performed in three steps. In step 1, univariate and multivariate binary logistic regression analyses were performed.

Three models were constructed as follows: model 1, a crude model with no covariates adjusted; model 2, adjusted only for sociodemographic data; and model 3, model 2 + other covariates shown in [Table 1](#table1-0300060520932820){ref-type="table"}. In step 2, a generalized additive model and smooth curve fitting (penalized spline method) were used to address the nonlinearity of BMI and multivessel coronary artery disease. If nonlinearity was detected, the inflection point was determined using the recursive algorithm and then binary logistic regression was constructed on both sides of the inflection point. Determining which model was more suitable for fitting the correlation between the target independent and dependent variables was based mainly on the *P* value of the log likelihood ratio test. The continuous variable was first converted into a quartile categorical variable and then an interaction test was performed. The tests for effect modification for subgroup indicators were followed by the likelihood ratio test. A sensitivity analysis was conducted to ensure the robustness of data analysis. BMI was converted into a categorical variable and the *P* value was calculated for the trend. The purpose of this analysis was to verify the results of BMI as a continuous variable and observe the possibility of nonlinearity.

###### 

Baseline characteristics of the patients.

![](10.1177_0300060520932820-table1)

  BMI                          Q1               Q2                Q3               Q4               *P* value
  ---------------------------- ---------------- ----------------- ---------------- ---------------- -----------
  n                            357              358               357              358              
  Age (years)                  57.63 ± 11.07    59.33 ± 10.83     61.15 ± 11.27    60.75 ± 11.08    \<0.001
  Sex, n (%)                                                                                        \<0.001
   Female                      41 (11.48)       83 (23.18)        138 (38.66)      192 (53.63)      
   Male                        316 (88.52)      275 (76.82)       219 (61.34)      166 (46.37)      
  SBP (mm Hg)                  78.27 ± 16.79    88.46 ± 22.34     99.31 ± 26.10    102.69 ± 24.61   \<0.001
  DBP (mm Hg)                  73.52 ± 12.44    74.89 ± 10.81     76.11 ± 11.65    77.59 ± 11.55    \<0.001
  Heart rate                   73.81 ± 11.06    73.28 ± 10.36     71.03 ± 12.16    69.54 ± 12.01    \<0.001
  CR (mmol/L)                  73.30 ± 23.61    73.19 ± 26.95     72.39 ± 32.51    69.67 ± 33.32    \<0.001
  UA (mmol/L)                  307.74 ± 90.60   316.34 ± 109.36   296.53 ± 89.05   297.70 ± 96.59   0.019
  BIL (mmol/L)                 9.57 ± 5.07      9.19 ± 5.02       9.87 ± 4.70      9.43 ± 5.19      0.064
  TC (mmol/L)                  4.28 ± 1.12      4.23 ± 0.95       4.32 ± 1.06      4.42 ± 1.15      0.216
  TG (mmol/L)                  1.95 ± 1.75      1.90 ± 1.45       1.90 ± 1.20      2.12 ± 1.38      0.042
  HDL-C (mmol/L)               1.10 ± 0.36      1.05 ± 0.30       1.09 ± 0.32      1.09 ± 0.36      0.333
  LDL-C (mmol/L)               2.75 ± 0.94      2.70 ± 0.91       2.75 ± 0.95      2.78 ± 1.02      0.680
  LVEF (%)                     60.42 ± 7.12     61.46 ± 6.21      60.60 ± 8.48     62.64 ± 5.71     0.027
  Smoking, n (%)                                                                                    \<0.001
   No                          192 (53.78)      225 (62.85)       249 (69.75)      265 (74.02)      
   Yes                         165 (46.22)      133 (37.15)       108 (30.25)      93 (25.98)       
  COPD, n (%)                                                                                       0.219
   No                          353 (98.88)      354 (98.88)       357 (100.00)     356 (99.44)      
   Yes                         4 (1.12)         4 (1.12)          0 (0.00)         2 (0.56)         
  DM, n (%)                                                                                         0.054
   No                          288 (80.67)      285 (79.61)       273 (76.47)      261 (72.91)      
   Yes                         69 (19.33)       73 (20.39)        84 (23.53)       97 (27.09)       
  Heart failure, n (%)                                                                              0.034
   No                          316 (88.52)      332 (92.70)       316 (88.76)      309 (86.31)      
   Yes                         41 (11.48)       26 (7.30)         40 (11.24)       49 (13.69)       
  Atrial fibrillation, n (%)                                                                        0.513
   No                          351 (98.32)      352 (98.32)       352 (98.60)      356 (99.44)      
   Yes                         6 (1.68)         6 (1.68)          5 (1.40)         2 (0.56)         
  Stroke, n (%)                                                                                     0.776
   No                          341 (95.52)      339 (94.69)       343 (96.08)      344 (96.09)      
   Yes                         16 (4.48)        19 (5.31)         14 (3.92)        14 (3.91)        
  Hypertension, n (%)                                                                               \<0.001
   No                          236 (66.11)      173 (48.32)       176 (49.30)      119 (33.24)      
   Yes                         121 (33.89)      185 (51.68)       181 (50.70)      239 (66.76)      

Values are mean ± standard deviation or n (%). Abbreviations: BMI, body mass index; BIL, bilirubin; COPD, chronic obstructive pulmonary disease; Cr, creatinine; DBP, diastolic blood pressure; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; Q, quartile; SBP, systolic blood pressure; TC, total cholesterol; TG, triacylglycerol; UA, uric acid.

All of the analyses were performed with the statistical software packages R (<http://www.R-project.org>, The R Foundation) and EmpowerStats (<http://www.empowerstats.com>, X&Y Solutions, Inc., Boston, MA, USA). *P* values \< 0.05 (two-sided) were considered statistically significant.

Results {#sec7-0300060520932820}
=======

Baseline characteristics of selected participants {#sec8-0300060520932820}
-------------------------------------------------

A total of 1430 participants were selected for the final data analysis using strict screening criteria (see inclusion and exclusion criteria for detail above and [Figure 1](#fig1-0300060520932820){ref-type="fig"}). The baseline characteristics of these selected participants are shown in [Table 1](#table1-0300060520932820){ref-type="table"} according to quartiles of BMI. The distribution of BMI in the research participants is shown in [Figure 2](#fig2-0300060520932820){ref-type="fig"}. The mean age of the 1430 selected participants was 59.71 ± 11.14 years and 68.25% of them were men. The average BMI was 23.85 kg/m^2^. There were no significant differences in levels of TC, HDL-C, and LDL-C, atrial fibrillation, COPD, diabetes mellitus, and stroke among the different BMI groups. Participants with the highest BMI (quartile 4) had higher values of SBP and DBP (both *P* \< 0.001), and they were mostly nonsmoking female individuals. Opposite patterns were observed in heart rate, Cr, male sex, and smoking (all *P* \< 0.001).

![Inclusion/exclusion criteria of the patients.](10.1177_0300060520932820-fig1){#fig1-0300060520932820}

![Distribution of BMI in 1430 patients with myocardial infarction. BMI, body mass index.](10.1177_0300060520932820-fig2){#fig2-0300060520932820}

Univariate analysis {#sec9-0300060520932820}
-------------------

The results of univariate analyses are shown in [Table 2](#table2-0300060520932820){ref-type="table"}. Univariate binary logistic regression analysis showed that sex, COPD, stroke, smoking, DBP, heart rate, Cr, BIL, TC, HDL-C, LDL-C, and the EF were not associated with multivessel coronary artery disease. In contrast, univariate analysis showed that SBP (odds ratio \[OR\] = 1.01, 95% confidence interval \[CI\] 1.00--1.01), UA (OR = 1.00, 95% CI 1.00--1.00), TG (OR = 1.09, 95% CI 1.00--1.18), diabetes mellitus (OR = 1.75, 95% CI 1.33--2.29), and hypertension (OR = 1.45, 95% CI 1.14--1.86) were positively associated with multivessel coronary artery disease.

###### 

Univariate analysis for multivessel coronary artery lesions in acute myocardial infarction.

![](10.1177_0300060520932820-table2)

  Covariate                    Value            OR (95% CI)         *P* value
  ---------------------------- ---------------- ------------------- -----------
  Age (years)                  59.71 ± 11.14    1.03 (1.02--1.04)   \<0.001
  Sex, n (%)                                                        
   Male                        976 (68.25)      Reference           
   Female                      454 (31.75)      0.86 (0.67--1.11)   0.252
  BMI (kg/m^2^)                23.85 ± 3.89     1.02 (0.99--1.05)   0.270
  SBP (mm Hg)                  92.17 ± 24.66    1.01 (1.00--1.01)   0.005
  DBP (mm Hg)                  75.52 ± 11.71    1.01 (1.00--1.02)   0.069
  Heart rate                   71.86 ± 11.55    1.01 (0.99--1.02)   0.326
  Creatinine (mmol/L)          72.13 ± 29.35    1.00 (1.00--1.01)   0.164
  UA (mmol/L)                  304.55 ± 96.96   1.00 (1.00--1.00)   0.012
  BIL (mmol/L)                 9.95 ± 8.74      1.00 (0.99--1.02)   0.716
  TC (mmol/L)                  4.31 ± 1.07      0.98 (0.88--1.11)   0.797
  TG (mmol/L)                  1.97 ± 1.46      1.09 (1.00--1.18)   0.038
  HDL-C (mmol/L)               1.08 ± 0.34      0.99 (0.68--1.43)   0.944
  LDL-C (mmol/L)               2.74 ± 0.96      0.93 (0.81--1.06)   0.278
  LVEF (%)                     61.28 ± 7.01     0.98 (0.96--1.00)   0.116
  Smoking, n (%)                                                    
   No                          931 (65.10)      Reference           
   Yes                         499 (34.90)      0.88 (0.68--1.14)   0.326
  COPD, n (%)                                                       
   No                          1420 (99.30)     Reference           
   Yes                         10 (0.70)        1.33 (0.34--5.17)   0.680
  Diabetes mellitus, n (%)                                          
   No                          1107 (77.41)     Reference           
   Yes                         323 (22.59)      1.75 (1.33--2.29)   \<0.001
  Heart failure, n (%)                                              
   No                          1274 (89.10)     Reference           
   Yes                         156 (10.90)      1.21 (0.83--1.76)   0.321
  Atrial fibrillation, n (%)                                        
   No                          1411 (98.67)     Reference           
   Yes                         19 (1.33)        1.11 (0.40--3.10)   0.845
  History of stroke, n (%)                                          
   No                          1367 (95.59)     Reference           
   Yes                         63 (4.41)        1.31 (0.75--2.29)   0.340
  Hypertension, n (%)                                               
   No                          704 (49.23)      Reference           
   Yes                         726 (50.77)      1.45 (1.14--1.86)   0.003

Values are mean ± standard deviation or n (%). Abbreviations: BMI, body mass index; BIL, bilirubin; CI, confidence interval; COPD, chronic obstructive pulmonary disease; Cr, creatinine; DBP, diastolic blood pressure; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction; OR, odds ratio; SBP, systolic blood pressure; TC, total cholesterol; TG, triacylglycerol; UA, uric acid.

Results of unadjusted and adjusted binary logistic regression analyses {#sec10-0300060520932820}
----------------------------------------------------------------------

In this study, three models were constructed to analyze the independent effects of BMI on multivessel coronary artery disease (univariate and multivariate binary logistic regression analyses). The effect sizes (OR) and 95% CIs are shown in [Table 3](#table3-0300060520932820){ref-type="table"}. In the unadjusted model (model 1), the model-based effect size was explained as the difference in 1 unit of BMI associated with the risk of multivessel coronary artery disease. An example of this model is that an effect size of 1.02 for multivessel coronary artery disease in an unadjusted model meant that a difference in 1 unit of BMI was associated with an increased 2% difference in the risk of multivessel coronary artery disease (1.02, 95% CI 0.99--1.05). In the minimum-adjusted model (model 2), the BMI increased by 1 unit, and the risk of multivessel coronary artery disease increased by 1% (1.01, 95% CI 0.98--1.05). In the fully adjusted model (model 3) (all adjusted covariates are shown in [Table 1](#table1-0300060520932820){ref-type="table"}), for each additional 1-unit increase in BMI, the risk of multivessel coronary artery disease increased by 1% (1.01, 95% CI 0.95--1.06). For sensitivity analysis, BMI was converted from a continuous variable into a categorical variable (quartiles of BMI), and the *P* value for the trend of BMI with categorical variables in a fully adjusted model was consistent with the result when BMI was a continuous variable. Additionally, the trend of the effect size in different BMI groups was non-equidistant.

###### 

Relationship between BMI and multivessel coronary artery lesions in different models.

![](10.1177_0300060520932820-table3)

  Crude model (model 1)   Model 2             Model 3                                                   
  ----------------------- ------------------- --------- ------------------- ------- ------------------- -------
  BMI (kg/m^2^)           1.02 (0.99--1.05)   0.204     1.01 (0.98--1.05)   0.506   1.01 (0.95--1.06)   0.848
  BMI                                                                                                   
   Q1                     Reference                     Reference                   Reference           
   Q2                     1.40 (0.99--1.99)   0.059     1.35 (0.95--1.93)   0.097   1.28 (0.76--2.15)   0.357
   Q3                     1.46 (1.03--2.07)   0.034     1.35 (0.94--1.93)   0.108   1.40 (0.82--2.38)   0.217
   Q4                     1.42 (1.00--2.02)   0.051     1.33 (0.91--1.93)   0.136   1.20 (0.67--2.14)   0.549
  *P* for trend                               0.059                         0.172                       0.546

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; Q, quartile.

Model 2: adjusted for age and sex.

Model 3: adjusted for sex, age, chronic obstructive pulmonary disease, stroke, diabetes mellitus, smoking, systolic blood pressure, diastolic blood pressure, heart rate, creatinine, uric acid, bilirubin, total cholesterol, triacylglycerol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and the ejection fraction.

Results of nonlinearity of BMI and multivessel coronary artery disease {#sec11-0300060520932820}
----------------------------------------------------------------------

The nonlinear relationship between BMI and multivessel coronary artery disease was analyzed ([Figure 3](#fig3-0300060520932820){ref-type="fig"}). The smooth curve and the result of the generalized additive model showed that the relationship between BMI and multivessel coronary artery disease was nonlinear after adjusting for age, SBP, DBP, heart rate, Cr, UA, BIL, TC, TG, HDL-C, LDL, the EF, sex, heart failure, atrial fibrillation, COPD, stroke, hypertension, diabetes mellitus, and smoking. Binary logistic regression was used to fit the association and select the best-fit model on the basis of the *P* value for the log likelihood ratio test.

![Association between BMI and multivessel coronary artery lesions of myocardial infarction. A threshold, nonlinear relationship between BMI and multivessel coronary artery lesion was found (*P* = 0.038) in a generalized additive model. The solid red line represents the smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. Models were adjusted for sex, age, chronic obstructive pulmonary disease, stroke, diabetes mellitus, smoking, systolic blood pressure, diastolic blood pressure, heart rate, creatinine, uric acid, bilirubin, total cholesterol, triacylglycerol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and the ejection fraction. BMI, body mass index.](10.1177_0300060520932820-fig3){#fig3-0300060520932820}

Because the *P* value for the log likelihood ratio test was \< 0.05, binary logistic regression was chosen for fitting the association between BMI and multivessel coronary artery disease because it accurately represented the relationship. Using binary logistic regression and a recursive algorithm, the inflection point was calculated as 26.3 ([Table 4](#table4-0300060520932820){ref-type="table"}). On the left side of the inflection point, the effect size and 95% CI were 1.1 and 1.01--1.20, respectively. On the right side of the inflection point, the effect size and 95% CI were 0.85 and 0.74--0.97, respectively.

###### 

Results of BMI and multivessel coronary artery lesions using binary linear regression.

![](10.1177_0300060520932820-table4)

  Inflection point of BMI (kg/m^2^)   Effect size   95% CI       *P* value
  ----------------------------------- ------------- ------------ -----------
  \<26.3                              1.10          1.01--1.20   0.023
  ≥26.3                               0.85          0.74--0.97   0.018

Effect: multivessel coronary artery lesions; cause: BMI. BMI, body mass index; CI, confidence interval.

The regression model was adjusted for sex, age, chronic obstructive pulmonary disease, stroke, diabetes mellitus, smoking, systolic blood pressure, diastolic blood pressure, heart rate, creatinine, uric acid, bilirubin, total cholesterol, triacylglycerol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and the ejection fraction.

Discussion {#sec12-0300060520932820}
==========

The findings of this study indicated a nonlinear relationship between BMI and multivessel coronary artery disease after adjusting for other covariates. This relationship was an inverted U-shaped curve and the cutoff point was 26.3 kg/m^2^. The effect sizes on the left and right sides of the inflection point were not consistent (left: 1.1; right: 0.85). This result suggested a threshold effect on the independent association between BMI and multivessel coronary artery disease.

The results of our study are similar to those of Choi et al.^[@bibr16-0300060520932820]^ who showed that changes in BMI were related to coronary heart disease or acute myocardial infarction. The present study further showed an association between BMI and multivessel coronary artery disease. However, an interesting finding was an inverted U-shaped relationship between BMI and the occurrence of coronary artery disease, with a cutoff threshold of BMI of 26.3 kg/m^2^. This finding has guiding significance for prevention of coronary artery disease in Chinese patients with coronary heart disease. Whitlock et al.^[@bibr29-0300060520932820]^ studied the European population and showed that in the BMI range of 22.5 to 25 kg/m^2^, the vessel-induced mortality rate increased by 40% for each increase in 5 kg/m^2^ of the BMI. This previous finding is similar to the results of the present study. However, Whitlock et al.'s^[@bibr29-0300060520932820]^ study did not show vascular hazards in patients with a BMI \> 26 kg/m^2^, which might be related to ethnographic differences. Kovacic et al.^[@bibr13-0300060520932820]^ studied the relationship between BMI and the degree of coronary artery calcification. The average value of BMI was 28.2 kg/m^2^, and BMI was negatively correlated with the degree of coronary artery calcification. This finding is consistent with the trend of a BMI \> 26.3 kg/m^2^ in the present study. Adipose tissue was previously regarded as a reservoir, and is now considered an endocrine organ. Obesity is associated with neurohormonal activation and metabolic abnormalities, including renin--angiotensin--aldosterone system activation, sympathetic system activation, hyperleptinemia, and growth factor regulation disorders. Fat cells synthesize many hormones or active molecules, called adipokines, which may have a protective effect on heart muscle.^[@bibr30-0300060520932820]^ These facts may explain the obesity paradox in the present study. Additionally, previous studies have shown that patients with obesity are more likely to have cardiovascular disease diagnosed early, which may also be one reason for the existence of the obesity paradox.^[@bibr31-0300060520932820],[@bibr32-0300060520932820]^

There is controversy regarding the relationship between obesity and the prognosis of patients with coronary heart disease. Faggioni et al. showed that patients who were underweight (BMI \<18.5 kg/m^2^) and severely obese (BMI ≥ 35 kg/m^2^) had an increased risk of all-cause death. However, in our study, overweight patients tended to have a lower incidence of multivessel coronary artery disease than patients with a normal body mass index. A meta-analysis of 40 cohort studies showed that patients who were overweight/obese with coronary heart disease had a lower risk of total and cardiovascular death than those who were underweight or normal weight with coronary heart disease.^[@bibr33-0300060520932820]^ This previous finding is consistent with the results of our study.

The clinical value of the current study is as follows: (1) our study was novel in examining the independent association between BMI and multivessel coronary artery disease in Chinese patients with myocardial infarction; and (2) our findings might be helpful in future studies for establishment of diagnostic or predictive models of multivessel coronary artery disease.

The present study has some strengths as follows. (1) Our study addressed and further explored nonlinearity of the relationship between BMI and multivessel coronary artery disease. (2) We performed an observational study, and therefore, it was susceptible to potential confounding. Consequently, strict statistical adjustment was used to minimize residual confounders. (3) Target independent variables were used as both continuous and categorical variables. Such an approach could reduce contingency in the data analysis and enhance robustness of the results. However, the present study also has some limitations. (1) Our study was performed in Chinese patients with myocardial infarction. Therefore, universality and extrapolation of findings were not possible. Some patients were in a serious condition and could not accurately measure their height and weight. (2) Some patients died before or during the surgery and did not complete coronary angiography. Therefore, the findings of this study cannot be used for such cases.

In conclusion, there is an inverted U-shaped relationship between BMI and multivessel coronary artery disease in Chinese patients with myocardial infarction, and the threshold is 26.3 kg/m^2^. The obesity paradox is present when BMI is \>26.3 kg/m^2^. Future studies should investigate the relationship between BMI and prognosis of Chinese patients with myocardial infarction. Additionally, research needs to be performed to determine the standard of weight control after myocardial infarction, which may be important for improving the prognosis of patients with myocardial infarction through control of BMI.
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